The critical assumptions in the drift-diffusion model are the local force approximation and the use of the Einstein relation under nonequilibrium conditions. The validity of these two approximations is investigated by full-band Monte Carlo simulation for a SiGe-HBT. It is found that neither the local force approximation nor the Einstein relation holds. Even Einstein relations generalized with the local temperature fail under quasiballistic transport conditions, indicating that the energy transport and hydrodynamic approach are also problematic.
INTRODUCTION
The classical drift-diffusion (DD) model is the workhorse of today's TCAD. It is based on transport coefficients parameterized with the local force (i.e., gradient of the quasifermi potential), where the transport parameters are determined under homogeneous bulk conditions [1] . The DD model is based on the assumptions that the local distribution function in the device is completely determined by the local force and that the Einstein relation holds. The validity of these two assumptions is investigated in this work by full-band Monte Carlo (FB-MC) device simulation. In contrast to earlier works [2] the investigation is directly based on the exact transport coefficients [3] evaluated under local and nonlocal conditions by FB-MC simulations instead of merely comparing velocity and density profiles of the DD and FB-MC models. First, a brief discussion of the theoretical background of the DD model is given and then the DD model is investigated for a SiGe-HBT. 
THEORY
In the framework of semiclassical transport theory the electron gas in a semiconductor under stationary conditions is described by the .following Boltzmann transport equation (BTE) [4] (1)
where the force/ is given by -q/(F) VF(Ec(F)+ en(F,k)), q is the positive electron charge, E the electric field, Ec the minimum of the first conduction band, and e the position-dependent conduction band energy relative to the minimum. [6] (v, k) (2rr) 
where the matrix-valued mobility/2 and diffusion constant are given by [3] and b-<_T).
Both quantities are symmetric for the given scattering processes. It is worth noting that Eqs. (2) and (4) are obtained without any approximations.
Close to equilibrium and for a band energy which can be factored into a position-and wavevector-dependent part n(F,k) g(F)hn(k) Eq. (4) reduces to [4] ]= n/2Vv,
where the quasifermi potential is defined by n ni exp q ksTo (s)
The intrinsic density ni is evaluated with the position-dependent band structure. is the electrostatic potential, kB the Boltzmann constant, and To the lattice temperature.
In the case of the DD model Eq. (7) is also used under hot-electron conditions instead of Eq. (4).
Since the distribution function can not be evaluated by the DD model, the mobility (5) is assumed to be a function of the absolute value of the local gradient of the quasifermi potential (9) (O{/Ox=vx/IZxx). In Figure 3 the ratio of the longitudinal mobility calculated under homogeneous conditions for the local force within the device and evaluated based on the device distribution function in the device with Eq. (5) is shown. As expected, the nonlocal mobility shows a strong overshoot corresponding to the velocity overshoot.
In order to incorporate nonlocal transport effects into the DD model, the local mobility/force In Figure 4 simply explained by the local temperatures as shown in Figure 2 , where the local temperature, qDxx/kB#xx, and qDyy/kB#yy are shown. Whilst the transverse transport is reasonably described by a generalized Einstein relation using the local temperature instead of the lattice temperature, the more important longitudinal transport is not.
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This also means that the energy transport or hydrodynamic approaches will not capture all details of the nonlocal transport by using a generalized Einstein relation based on the local temperature.
